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ABSTRACT

The Tropical Biominer Project is a recent initiative from the Federal University of Minas
Gerais (UFMG) and the Oswaldo Cruz foundation, with the participation of the Biominas
Foundation (Belo Horizonte, Minas Gerais, Brazil) and the start-up Homologix. The main
objective of the project is to build a new resource for the chemogenomics research, on chem-
ical compounds, with a strong emphasis on natural molecules. Adopted technologies include
the search of information from structured, semi-structured, and non-structured documents
(the last two from the web) and datamining tools in order to gather information from dif-
ferent sources. The database is the support for developing applications to find new poten-
tial treatments for parasitic infections by using virtual screening tools. We present here the
midpoint of the project: the conception and implementation of the Tropical Biominer Data-
base. This is a Federated Database designed to store data from different resources. Con-
nected to the database, a web crawler is able to gather information from distinct, patented
web sites and store them after automatic classification using datamining tools. Finally, we
demonstrate the interest of the approach, by formulating new hypotheses on specific targets
of a natural compound, violacein, using inferences from a Virtual Screening procedure.

INTRODUCTION

HEMOGENOMIcs “knowledge space” analysis is considered, in parallel with systems biology, one of the

most promising avenues for knowledge-based drug discovery. While search algorithms for ligand—tar-
get interactions have become reasonably robust, it is recognized that database integration and datamining
algorithm benchmarking (Schuffenhauer and Jocaby, 2004) are actually limiting the expansion of the
chemogenomics. Proposed solutions for both these problems rely on modular implementation of both data
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access and relevant algorithms for mining these data. A third aspect to consider is the implementation of
efficient management system, which supports the design of pipeline for automatic analyses. Here, we pre-
sent elements of the Tropical Biominer Project that propose some answers to these problems and illustrate
how to implement them in a database system dedicated to natural compounds.

The different elements of the application are built upon a Federated Database concept (Hammer et al.,
1979; Heimbigner et al., 1985), and it is composed of structured, semi-structured and non-structured data
sources to feed the database (information gathering using web mining tools and databases federation), and
query tools that comprise simple modules such as entry visualization and editing, or more sophisticated
tools like virtual screening (Fig. 1). Using the system, we succeeded in demonstrating how electronic in-
formation collected over the Internet can be aggregated to bring new insights about a specific ligand, vio-
lacein, with new hypotheses on potential targets for the molecule.

FEDERATED BIO-DATABASE SYSTEM: THE TROPICAL BIOMINER DATABASE

Today, information about plant extracts, molecules, proteins, and other biological objects is disseminated
in various heterogeneous databases, and as predicted by Discala et al. (2000), the situation is still unlikely
to change given the deluge of data from genomic and proteomic projects. Chemical databases, specifically,
are crucial databases used in drug discovery, as data resources for virtual screening methodologies, ligand
based or target based like molecular docking (Waszkowycz et al., 2001). Information maintained by the
databases can cover the chemical structure of compounds and a set of attributes for the compound, which
depends on the scope of the database. Most of the ligand databases—commercial like the World Drug In-
dex (www.derwent.com/products/Ir/wd), the CAS/Scifinder databasévivw.cas.org/SCIFINDER), or
the ACX database\ww.camsoft.cor), or freely available like Chembank (Schreiber, 2004) or the Open
NCI database (Milne et al., 1994)—are in structured formats, although adopting different standards. More
complicated is the existence of “non-structured” or “semi-structured” information on the Internet. One el-
egant and powerful solution to attempt to integrate such heterogeneous data is the database federation (Fed-
erated Databases [FDBs]).

Basically, the great advantage of the FDBs is to integrate, through a software layer called “federation,”

a set of autonomous and heterogeneous resources that can be used uniformly (Fig. 2). These resources can
be distributed on different computers, each operating on different systems or with different structures. While

NON-STRUCTURED/SEMI/STRUCTURED - WEB DATABASES

Patent Papers Chembank NCI Open
Banks P Database Database

FEDERATED BIO-DATABASE SYSTEM

/ | N\
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FIG. 1. Overview of the Tropical Biominer project.
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FIG. 2. Federated database model. The FDBS Connect Layer is the interface link between the applications and the
Federated Databases. This layer proposes a unified Application Protocol Interface (API) to query the different data-
bases independently of their own representations. The Federated Schema is used by any application to access the fed-
erated databases, through the FDBS Connect Layer. Commands and data are checked for syntax correctness, integrity
violation rules, and access control. The entity splits and dispatches the input query into specific queries specialized for
the respective databases, and integrates the results sent by the different federated databases. The Local Schema is re-
sponsible for checking the query dispatched to a local database. The query is converted to the local language, and its
result is converted back to the federation schema. This entity provides the independence between the federation schema
and the local schema.

it doesn’t modify the “raison d’'étre” of the integrated resources, each keeping its own niche both in term
of chemical structure exclusivity and of associated functional annotations, it allows common access to the
data, solving one of the main problems of chemical databases integration, the structure-to-structure—based
integration. Voigt et al. (2001) noticed this problem while integrating eight chemical databases, using unique
hash code indexation. For example, one of the cited problems was that the lack of charge assignments for
some compounds in the Sigma-Aldrich Catakwgafw.sigma-aldrich.comn) caused the calculation of wrong

hash codes.

To initiate the project, we conceived a FDB model using a bottom-up methodology using two large chem-
ical databases, the NCI Open Database (Monks et al., 1997) and the Chembank database maintained at Har-
vard University (http://chembank.med.harvard.egu/The application proposes interfaces to retrieve, up-
date, insert, and delete molecule data from distinct distributed databases. While we exemplify our model
using two databases, the system is built to allow any number of databases to be connected. Using the ap-
plication, the user may select which queries to perform in parallel on each desired database. Some com-
mon database table management commands, such as “drop table” or “insert table” commands, were im-
plemented. The architecture conception was driven by several requirements, some of which are presented
below:

* The access to the different database resources should be transparent for the final user. Queries and Re-
sults are filtered by the application, hence freeing the user of knowing the internal structure and rep-
resentation of the underlying data.

e The FDB is able to scale up quantitatively. The schema allows the distribution the federated databases
on different computers, which simplify management tasks and it provides a simple way to add new
data by plugging new data servers. Furthermore, the Connect Layer can act as a task manager, dis-
patching jobs, which confers to the application the ability to perform distributed computation over the
data.

* The query interface and the Connect Layer are Java applications running on Windows, Unix or Linux
platforms.

132



ARTIGUENAVE ET AL.

The following components were designed and implemented:

Local base

The first task was to import the chosen databases into a SGBD tool, as both databases are provided in SDF
(Structure Data File) format (Dalby et al., 1992). While these files could be used in our application, it would
not provide acceptable performance rate for our application. For this, we use MS-Access, but any other SGBD
could be used. Two independent databases were created, one with the NCI data and other with the ChemBank
data. Data was imported using the JChemManager tool (CSIZMADIA, 2000). To manipulate the databases, we
have developed a module called SearchDB, which helps in the query processing. This interface uses libraries
from the Jchem modules, which supports different specialized queries for biological applications.

Local manager

This entity receives the user query addressed to the federation, performs some checking tests and returns
the compiled results. In the application, the query is stored as an XML document that contains the query
parameters. From this document, local SQL queries are then generated to screen the individual databases.

FDB manager

The manager is the core of the Federated Schema. It is associated with three sub-modules that provide
the distribution and integration of the federated data. These sub-modules are as follows:

1. The Query Descriptor module describes the rules necessary for dispatching the queries. It also contains
the model for the query XML description.

2. The Query Store stores the provided XML queries for the federation. This entity is also responsible to
merge the responses sent by the local databases and deliver the global result to the application.

3. The Local Connector provides the link between the federation and the local databases. In the proposed
schema, this entity is the layer that allows the abstraction of local databases, including the technology
use to access them.

Figures 3-5 illustrate different interface windows used to query and consult the data using the model.

FDBio Search Application l—gm

_File I-lelp__ Settinqs

ch | Management |

—l

Select DB | amaunetlecom.dccufmag.brfnci w | Db Tables "molecule v |
kauketlecom.dccufmg.br/chembank
amaunetlecom.dccufmag.br/nci

| Drop Table ‘ ‘ Create Table ‘ [ Refresh All

Status: done.

FIG. 3. The Management Interface is responsible for creating, destroying, and retrieving information from the avail-
able databases. It also provides graphical information about available molecule data, making it easier to perform queries
as well as to manipulate a huge amount of data or very heterogeneous and independent databases (or a combination of
both).
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Target: [CNC(C)Cclcccccl |rf
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Update t0: [CC1=CC(=O)NC(=5)N1 |r| | [Search

Go!

Status: done.

FIG. 4. The Query Interface allows handling molecules from any database’s tables and proposes statement commands
(search, insert, update, delete) on the desired database.

WEB MINING AS A RESOURCE TO POPULATE THE
FEDERATED BIO-DATABASE SYSTEM

Many important biotechnological advances on new drugs are published results available over the Inter-
net or in patent banks. For example, the results of the genome project are expected to be linked to many
new drug developments, as molecular and atomic researches related to genomes will contribute solutions

@ 2 molecules found.
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FIG. 5. Result Interface. The interface displays the structures identified on all the federated databases. The figure il-
lustrates a molecule found in both the NCI and ChemBank Database. The interface implements the Marvin JavaBeans,
which allows editing the molecular structure. A synchronization process permits the storing of the manual modifica-
tion of structures into the original entry.
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for many problems in areas such as medicine, agriculture, and chemistry. This research is generating a huge
amount of information about these new developments, and today we observe a huge increase in research
about such subjects distributed over the web.

We are developing a connection to the FBDS described earlier, based on semi-structured or non-struc-
tured sources of data (such as data retrieved from the web), using state-of-the-art web mining techniques.
In the first phase, we have linked important sources of information about biotechnological advances from
patent offices, since they gather information about inventions that can guide future works in biotechnology,
and because patents provide a source of data in a semi-structured way. Studying these inventions allows us
to look for important hints about scientific and technological advance trends. However, new information
retrieval systems need to be developed to enable us to analyze this information, especially when the amount
of information is so large. By connecting these systems to a local federated database, we can avoid tra-
versing the web and deciding on where is the important information every time we have to make a query
or to search for new clues, saving resources such as bandwidth and processing time. Thus, the main moti-
vation for implementing this system is to concentrate information in a knowledge database that enables us
to get important findings from previous researches in an easier way.

We have implemented a system to gather and manage information on biotechnological inventions in a
local database. Our system is a web crawler that visits patent pages on the Internet and stores them in a
database. Our patent crawler submits a set of queries to the United States Patent and Trademark Office
((www.uspto.goV)) and to the European Patent Offi¢ep(espacenet.cofh/sites and it stores the results
in the FDB for further analysis. Our main contribution is a repository of biotechnological patents that can
be processed to promote new scientific and technological advances. This information can be associated with
information from other databases and it should speed up biotechnology developments.

During search in patent banks, we may retrieve several patents related to a specific subject, but not con-
cerned with biotechnology advances. We use data mining techniques to manage this data and to classify
the useful information for our purposes.

APPLICATION OF THE TROPICAL BIOMINER DATABASE: TARGET
PREDICTION AND BIOLOGICAL ACTIVITY INFERENCE OF VIOLACEIN

To illustrate potential project applications, we performed some analyses on a natural compound, vi-
olacein (Bromberg and Duran, 2001; Antonio and Creczynski-Pasa, 2004). This molecule (Fig. 6, struc-
ture 4) is a violet pigment produced Byrromobacterium violaceumvhich is widely found in the wa-
ter and soil of tropical and subtropical areas. It has been previously reported that violacein has anti-tumor
(Melo et al., 2000), antieshmanial(Leon et al., 2001), antibiotic, and anfrypanosoma cruzctiv-
ities (Duran and Menck, 2001), but proposed targets do not exist. Applying simple Virtual Screening
(Waszkowycz et al., 2001) methodologies to the Tropical Biominer Database, we succeeded in aggre-
gating more information about this molecule, and we could propose new development strategies for this
drug candidate.

In a first approach, we used PAS&Wyw.ibmh.msk.su/PASS/index.htphlmethod (Filimonov and
Poroikov, 1996) to predict the biological spectrum activity of violacein. This analysis predicted 22 activi-
ties with a high level of confidence on a total of 34 predicted activities. From these 22 activities, two were
already cited: anti-leishmanial activity (Pa0.513) and antiviral activity (P& 0.483). Among the other
predicted biological activity spectrum, there are several actions that might become the basis for new appli-
cations or optimization of the substance. For example, the following activities can be cited: 5-hydrox-
ytryptamine release stimulant (Pa0.792), protein kinase inhibitor (Ra0.683), and tumour necrosis fac-
tor—alpha release inhibitor (Ra0.673).

Secondly, we queried the Tropical Biominer Database (August 2004 version) in order to identify struc-
tural registered related compounds. The approach we have chosen is based on the hypothesis that com-
pounds with the same activity sham@mmon patterni their corresponding descriptors. These common
patterns represented byhgpothesiscan be regarded as a model active structure. The target library is then
scanned for structures matching this hypothesis in contrast to individual query structures. Molecular de-
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FIG. 6. Diagrams showing the chemical structures of indirubin-3-monoxipendirubin-5-sulphonate2), indiru-
bin (3), and violacein4).

scriptors offer a simple feasible way to create such models and allow very fast structural queries to be ap-
plied.

Such a method was used to identify structural homologues in the Tropical Biominer database (about
300,000 molecules from Open NCI and ChemBank databases) using chemical hashed fingerprint compar-
ison. The chemical fingerprints were generated using the ChemAxon chemo informatics Jchem package.
The violacein fingerprint pattern was compared to each compounds of the database by calculdisng the
similarity scorebetween them. The screening procedure was set up to accept a dissimilarity score below a
threshold score defined for two dissimilarity metrics (Tanimoto, 0.4, and Euclidian, 10, metrics). Results
of the database scanning lead to the selection of 54 distinct similar compounds.

By exploring functional information registered for these molecules, we focused our attention to one com-
pound for which many data were available and registered: the indirubin (Medical Subject Headings ID
C027185). This molecule is the active ingredient of the Danggui Longhui Wan, a mixture of plants that is
used in traditional Chinese medicine to treat chronic diseases. It has been demonstrated that indirubin ana-
logues and derivatives (Fig. 5) are potent inhibitors of cyclin-dependent kinases (CDKSs) or the regulatory
serine/threonine kinase GSK3-3Bertrand et al., 2003; Eisenbrand et al., 2004). Based on this knowledge
and considering the similar pharmaceutical profile of indirubin and violacein (PASS predictions and proved
experimental activities), we decided to start complementary studies on some derivatives of the violacein,
by molecular docking against CDKs structures.
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DISCUSSION

We are finalizing the building of an application to visualize and to graphically search for drug, mole-
cules, or diseases. In addition, we are finalizing the integration of the patent crawler to our federated data-
base. To further populate the Tropical Biominer Database, we plan on adding some commercial databases
to the system, and data from tropical molecules and diseases published in the scientific publications, by
searching non-structured documents over the web.
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